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(57) Abstract: A color conversion type light emitting diode excellent in lu- 
minous characteristics: specifically, a first light emitting diode which is a light 
emitting diode comprising an LED chip having a luminous layer consisting of 
a nitride compound semiconductor, and a translucent resin containing a fluores- 
cent substance that absorbs at least pan of light trom the LED chip to emit a dif- 
ferem-wavelength light, wherein the fluorescent substance contains a small-par- 
Ucle-size fluorescent substance and a laige-panicle-size fluorescent substance, 
the laige-particle^size fluorescent substance is distributed in tiie viciniQ' of the 
LED chip to foim a color conversion layer in the translucent resin, and the small- 
particle-size fluorescent substance is distributed on the outer side of the color 
conversion layer in the translucent resin. 
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mm\z.mn htiitm^o^^ti, -no v - ks® 12a, 1 2 b t ^n^n . 
1 ii^^iot^Wi^^m^^Tw^. 
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L E D 9^ y^ffi v^Tm t;fcig3fei5^-(' KT-fe 5. m^m^mtif^mf£ L E 
srg (poj sCi :Eu. mmi<om.&^<om:^ii*)mm^ti 

Xm&^^^ttt^. (SrEu) O- AljOg^^V^S^ltiS-etS. 

±i3t3fc^i>5r<^fife^ i^it^flsi trS. SMgO-O. SMgFj-GeO 
2 :Mn. MggAs : Mds GdjOj : Eux LaOjS : Eu> ff^^ 
3fe^i: LTReg (POJ gC 1 : Eu (fcfc'LRettS Ca, Ba, Mg 



"^OOVOSmi PCT/JP02/0(M« 

36 

3 (o?^^^>f:t- hitm^x. ^mwii. mmmm 1 1 mm 

«s -Z^t^^^^^^OTi Hirsts i,^XO®(::|^^3fe^^^fi«,{cKJlX 

^^^tt^x%:btmz.m.^^mmK^\-^xmi^mhfiii<mL^'t^:Lt 



wo 02/059982 PCT/JP02/D0484 

37 

}cii^$3^Tv^5. tfc. wsme 1-3603 z^^m^yi.^m^^'^ssk 

^y7y^:^i::\.xm\^Xlkminm^t^i^^ liij£5fe^MltUT#feH5^ 

5 r d5-e# 5e ^KMtts^Jll^s|.ts^ lt. s w t 2 o o w t t l 

<^ J:!90^U<{±^ 10wt%~7 0wt%, ^bW^ t<(i5.0wt%~ 
7 0 w t %T'fe6« ^fc. ^3tWoJIJN-^ U-C. Lxm< C e (::*n;i 

F e ;lr^W$ii:5 is ±ia^:i:«^5. 

i^^-t^^^^m.\z.ii\^ximnmmmt^p-tsL< t i^tp i 5 tw^^$tifcsv> 
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(mmmm) 

"torn, mmmmt Lxm i^itMmmnt lxh. . {&<D^(o:j^r.^<^ 

tSo tfc. mi^ytwt^\z.mnmtit^mm\-t^^^xhi^v\ 
msQ'iru-Ht^fi^^mixiLxi>x\^\ . 

Xt5. -. 
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js® t y ^—'^(om^mmm^^^itr^ ^ t i>^x% j; •? > ft 



WO02A)S9582 

PCT/JP02/004S4 

40 • ' - 
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" ■ . • '41 
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15 ^S:^f^^^:^^Lfc1^7T-r•t«feS:•fe5' h U i: UT^ TMG (> y ^ 

;if7., TMI (hp ^f^/W:^v'!>A) ;^f^^ TMA (MJ>5^/VT/V$ 

LEDf-y:f(omm^tLX. 
20 1^7T>r"^s«±^w, 

<£ia/^ J' 7 7 -a-efc 5 A .1 G a NJi, 

^^tt^[&lJi$it5fcfcCDy:/K-yGaNl (J?:$J^ 1 5 0 0 0 A) , 

nS= ^ hMxh^ s i k-t'og a (^$^21 

6 5 0 A) ^ ■ 
25 3^^^|Rl±$ii:5;fe;«t)Oy>K~7'(^GaNS (^^j^SOOOA) . . 

^ K-.:/OG a N (»$)|^ 5 0 A) i S i ^ K-yUfcG a N a?$Sj& 3 0 
OA) (nMt^^yKl) ^ 

y h'-yo I n G a N (ff 2 0 A) (Om^^i^^tH^^'M^. 
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y>K-7°OGaN (||L^^2 5 0A) ilnGaN (ff^j^SOA) 

IN o?$«?i4oA) <omw^i>>ht£Z^mmRxj^ . 

pS=>'i5'^ hMT-fcSMgdSK^T'^tlfcGa Nl (ff 1 2 0 0 A) 
ft tr?^^"ufc# fw; '(B>«r o L E D 5" 5^ :7'{::^^i9 LT»^:5S|g5fc pTHj^c l e d ^ 

£i±Oj:5t-tTfm^tLfcLED5">;/y^. P-Kl?^2 2a, 2 2b;55;|t 
'f 2}? y K U L E D 9" y ■f<D^WM i y - KEft 2 2a., 22b t tr-?r^-etL 3 

2 1. 4 2 S/imTf^bS (Yo.jGdo.z) 2 . g e s A 1 g : C e „ . 03 

^c*3v^T. m^t^'^rjx^h^yyy hmmt. ii^«4. 6voi%, j.o«[ii© 

Sll. 3 7 1;im~8. 3 7 9 niTfcSo :^3fe^Stt'0 4 . 6 

vol%ttl. 3 7 l;imJ:t)/>$V>«ir^^;f-r5/J^t^t'^lt:6>b3fet). ^5 

9 5. 6vol%{i8. 3 7 9Mmj:«?:*:tVN«fe#^#i-:5:^*agMife®*^p>j^i 
{42 1. AumX'hVs t^B^'b&^\Zi6i-f^mMmt2 9. 1 2%Tfe5„ t 

fc. ^m^W:^m<Dm^h'-^mmmitQ. e i 3 /xmr-fel^s 

IE<^«Sl^-^JSi€Hatt2 2; 9 0 8 MinT-^bSo l^^x 1 {CSoVnT. 

CIEOfeH^-Cx, y='(0. 33. 0. S 3)- i:fj:^^f)^bflZ^^\L^ 
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m&^fitc^^mmtmytm^!Bvh^=^r^^iymmtt:MMitin e : 1 0,0 

ir^SipM-g-rs, ;i 5 tT#6.tlfci^^Sr^W^^'ari^». LED 

3if;^S:i^tti;^^sa^-t-5 . mmm 1 oii3tey-r Ktctt:-^. m^m 3 5 % 

^M2i:LT. m^W^mit^ (Yo. sBsGdo. 005) 2. TsoAlgOj 
2 : C e 0. 26 0 i: t^ SfU^S^i^ 0 . 0 7 7 vol%-ej.0 1 . 3 7 1 At 8 . ' 3 7 

9 n mmmmi^oxy^ ^ ym^^^u m^%miii<D^mmt2 5 . 
6 2 6 mi^'mmcm^imm-i2A. s 1 2%. r\^m.^%mw<o 
m^\^—i7^mmt 0 . e 1 3 ^ m. ;»c©g^«s©«irt -r^^jgE^ttfi 2 s . 

012Mmi7^iSJ;5 ^ ^fcM»»^^ V ^ 5 Wi^M 1 t mm^ L 
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mmms. 

it^S 1 0 0 : 5 0 i: i 5 izm^Ltz^^C, ^<omm^^(0:^^^i^m^ 
20 £jg 3 2 ttt^L E D^y T'lIl^rjS? LT-^:^^■ei^]EI|«i 3 2a, 3 2 b *5 

itioo: zobfi^^o \z.mt^ Ltzmz. uimi 2 1 mm(o^m)'s.^m.'k $ 

25 ■^^S^w7xf7-ttT4' 'L^!S^#;$5 6 /x mX 5 S i O 2 trSui3^Jf^=^i^«Jill: 

' 5 1 \.xi{M.mm:i x \> ^sdsiK u s 5 x 3 ^ra. 1 
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46 

tr^-t^ ^'mm^m 2 5 ^ s i o ^ ^^\^^^m-itmmm 3 1 mm\^ lt 

t^lO %X'R^^>bi^7!i^m 2 5 ;z S i O 2 t:^V^5m^{i||3i^iiJ 6 i: l^^ 
»c LT^^fcjJ^-r KS:mi-5. r ix}:: J; !9 6 J: !? ^^^s l 0 %|fii± ^ 

y:7lE|5(:::3i7K=¥i^Ji4 2"ey^2i?>'KLfcms LED^^/T'scD^mffit 
•^e^^-h • 2 aSt;"t;«r:^K. K4 2 b i:^^tL^ti.E#;as3 0 ^ 

y= (0. 3 3, 0. 3 3) i::^^^i>mhiri^X^\zmmm2 t^m<DW:^m 

^^^'fi2$^»fr-^^o=-7^>r^^«iJ4 8^m-r5o Hi-3i^ms9Sd^ 

^»Jl 0. 

i:©m»JtdSlOO : 1 0 : S 5 tti:^ X^\::m^-^titc-h(Ot:-^^y h • 
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Om^^oWts 'P'bmkimi^umOY^ .9 6 5 AljO.j : Ceo . o s 
0 : 0. 69 : 0. 5 : 1 0 J: p lC?l^Lfc2i^Mtrtul3Mj^fr^i« 

.0.1)2. 9 6 E AleOi, : Ceo . ^ 3 b ^'^^^^ tmmO^^mWt. 
^ib1^m^p30. 5fjLm(DS i O ^ t ^MMittK 1 00:0. 6 9:0. 5 : 

mmmi3. 

*:*iil^J 1 3 Tit. 1 {Jl^l-i 5 timmm^(0?^tlt^^ h^^Wtt^. 
1 3 {::*5V ^T. L E D 5^ y y 5 fi, . i LX^^^mtft t- 
Rrm^Tfc5 4 7 5 nm© I no. jGa ^i^^^t^tM t LT^-TS^^b 

7r-rir£:K±fi:TMG ( h y ^f"/>;Jfy TMI 

i^^J^^) ISt.^ mMi^:^:BLXfY-^<i^Y^:^^^^VT-^^t^\m\.. MOO 

i LT S i i C p jMg Sr§3 !3 #;t -5 w i J; oT nS^«i}^«^^ pS 
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-'^yriir JieSGaN®. #Fl^mi-5 I n G a N®. /"^ P 7® 5 G 
". aNl^Srl-fe'y hi:UGaNg{C^^tlfcI nGaNlSrSSM^-frfc^mg 

Mg;&SK-7'$tv:fcAl GaNS (pM^^^s^Kg) > 

pMnMO«-='>'i?i5' ha^®^lr^ffi^-&Sc #='^'^^5' HM-ht-s ^^/N'^/iJ^p 

i^T5'±^^:/i;o^Kmi^(-^5i<=¥v^llg(rj;!3^^;r'V7^-f:^i/t^ LED 
^•f . Y. Gd. Ce©^±S5c§tSrfl2^1^Jt-e^fJ:^^tfc^^lK^^» 

'bimi)t2 2^mX'hZ (Yo. B95Gd„. oog)' a.^soA 1 gO : C e „. 
LT. WIB^»^^ 1 7 w t 4'ii>&SdS 10a mX-feS S i O 2 ^ 7 0 w 
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t % $ \m-t^w: ^ 'titmm^t'^^^ymmm^m i^^s. s o o o m p a • 

^ 11 2 L E y -fimR ^ titzy^y ^-i^T ir P ^mii?LO§i p 

^(nm\zwmummcm\\^m:fm%^Bi^\.. s 3 o p a 

^^V^:t^7 1.4 mo. 1 OMp aORlJEEaiT-JE^SriMtTlS^SO^J^^^e^ 

i^^n^c ^^{-x '^^yy<—P^^2 0 0 0 0 p a ^T-JnjEl-5o Jujbe^T^x 
v^fc^•7 15J::0. 12Mp a oR]JE3iT~ffSr;&=>»tT l^^i©«;^'2lr-i^$r 
l9:fCx S^#l^;^x-i;'*I^T$*x /^•s/^-i^T5'■fe:^:/ySr•7;^:^ 1 1 2 

15 0m mT'-eOiteM:^^ 2 0 nmXhi>$^^Bmi\M 
"yy^im^y- f O 1 0 0 m©^$ t D § $r A^5, ft^ 

5te:UT#6>tLfc*®*^ (SMD®) o|l3t:i?'-i'i--K^5 o Otlf^L/-^ 
7y=3ftrSI^Ufc i5x M'fe'5ll3t^>i'i— K^©fe|£0/<7 5'#:6S/{?Jfe< x 



WO02/059982 PCT/JP02/00484 
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Lit. m^^itm:^>(:i— h'(o±mttm^^t.mmmmmi^(om±m 

^tuia^^te'feltt^Sr 1 5 w t tl^'i^SESdS 1 0 mT-*>5 S i O ^ ^ 4 0 w t %S 

-B-^m^tiftmm^n^^i^mmm (Jifei^i 5 o o omp a • s ) ttjh 
h'^imt^o :^Mmm 1 4 o^36j5^-r mmm 1 3 tzutg? tx^t 

21. 4 2 9;zm-C?&5.(Y,.,Gdo.,) «e6AlsO,,:Ceo. 
m^mmtt-h^y>, flcSl^rJ^«i^{^*5V^T. m%i^^X=X'h^yy>yh 

imtt. w#[4 . 6 voi%, E.-o'^mmm 1 . 3 7 1 m~ S . 3 7 9 mX- 

feS. Ott). ^MWq304. 6vol%l4l. 3 7 1 MmJ:t)/h$VN&!g:^ 
^•l-^/hi&^^^g^i^fe;^^!?, a!9 9 5. 6vol%it8. 3 7 9 /zm i 

ft5ii^|i[{±2 9. 12%T'fe5. -^fts /hJe^^5tlU5ro^g«f-^3gp^{t 
0 . 6 1 3 ;i m-Cfc 0 , ::fc3gEgt3fctlKO«art -i?)gL#{it(l 2 2. 9 0 8 m 
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^m&m 1 5 T'fiKriB^^^irtr i s w t %mmmM^i^^t^^zm'itm 

16. 

6 t LT. 2|j:|gP^(C'^^ijK:3rv^fl|T'fc5 4^®0«C, D, E, 
Ft, Jt^«iiJO«JJIi A, B LX^tl^Mmk^Wm bfco 

v^ai. Q 0 g^3L^/-/V5 OmL(J:^j||$^, 0. INKOHtKW^^ 
iDLT. BTBjt^l!l:as||#.:&»ej*fe (pH7. 6) dS^fe-f b 

(WA:«M) 

-3i7}f:3E-v^i/^n-v.drv'/l'p{^/l.^2 5 6 g (1. 9 5e. e q) i:,y57^;^:/ 
(MB : mm 

x/V^7. 6 8g (:3i7}f:^i/;^||g(::^LX3w t%) 0. 5^ 
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52 

g (1. 95e. eq) i: ^ ^^StK!^ ^: UT 4 f-/l^^f- 1 Kcz&EtK^'^/I' 
^-s'df^i^t Kn^i7K7^/Vi?=7 0/3 OCO^S^^l 0.4. 29 g (6. 0 
9X10-imol) m«mtVXs^'f'Uy^V=^/l^%2. 56g (4. 
1 2 X 1 o->o 1 ) ts :i}f-:tym<mt VX^yi^/i^::^;i^^=^^Xm.^m 

WJSgD :*|g5g) 

3 0 0mLOE3oP77;^ = fC, aSR^^^^'^ri^jlgi: LX 3, 4 -ai:^? df-i/ 
i^^ l3^#f-:^*/^:i}?>'S3 ' 4 ' -rc#dE^i^i/:i^ u^^i/M:A f-A^it 2 5 6 
g (1. 95e. eq) i: s ^.^tK^I .t LT 4 ^/U--=3riM: KniE7K:7i?/^ 
^^drf-t KnM7K:7^/l^=7 0/3 0C5?g-a-#)^9. 57g(5. 69 
X10-2mol) mm^t)^X^'}-V^^^])::i-jV^l. 77g (2. 8 
5X10-?mol) k^MTL. -ry h/Vt-^lcrife^JrfCirffiLU 9 0~10 

o'c-ei 6NFraiaf?ftL^t. Mm.-kxm^\.itik. i3^:^'^m<mh\^x^>i^/v 

^-'7i=/i';^/i'2}>=;>i.0. 6g^;!ra;t. 0. 5^^»tfc^^ 

wu ^hi^iAotxAmmMf^Lxmt^^tzo 

(MSiE : 2|c^ei) ■ . • 

m^^:^^i^mxh^ 3 , 4 -3.2K'2!ri^i/:^^ D^dpiJ-X;*/>;ii?y^ 3 ' 
4 ' -J^:^^i^U:!^u^^i^/U:^f-/U^2 5 6 g (1. 9 5 e. e q) , mM 

70/3 OOS^i^^l 5. 9 5 g (9. 4 8X1 O-^mo 1) . Hjfefc^Tfe 
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Soi^^U^iJ'y 3^/H^2. 95g (4. 7 5X1 1) , ^^:tym 

4 ' -3i7K=arVv':^n^di^>'yV^5^/i/iSr2 5 6 g (1. 9 5 e. e q) , i^i 

7 0/3 0<0?g-^ig»S:2 5. 5 2g (l. 5 2 X 1 O-^mo 1 ) , lij^Tfc 
5a;9^^i^^ij3-/U^4. 72g (7. 6 0 X 1 Q-^mo ] ) , 

y 9"/l-P-t KDar>y7:n::i/l.^/l.x}s:^!7A0. ' 6 g i-tSfifefi. WD^i^^ 
KLX^:^^'^v^mmm^¥ll.^fmLfz„ ;fr/i^2j?dE^i//USO«7^/l^b^{49 2. 

2. ^mmm 

Ol^my'^ yzf^l-V-^^/utU 5 0 0~2 5 0 0f--i'i^/i4fofc^{::, l 
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3. mmt mm m 

=^i^^^y^mimmB. F^^V^T»5fet£l^itSrfTofco 3 0X3 ox 3m 
mOx;^ h 1f-;^^fmU 1 2 0'C<^)ffiJ[^4=TT^^/>7>7°fr 10 0^ 

^feSii^ff (*^±fe^i^]K) ^^v^T0-ofc. an^Hr^im ipjBxmw 

^^=¥^>«i-J8i3ffi^i^A. B. F^ffiV^Ti»3fcl£S^ife^^fofc. 3 0X3 0X3 
rnmOx;^ M^-;^^f^U 1 2 0 ■C<^;^->^>'c|JT 5 0 ONf^ISU im 

Ff^) ^-SV>Tffofc. Sfl^:i:^^l 2ASt;5ill 2B(::^c 01 2 Aft, 
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tits ^mmmi:maLitmBBii. mt^bmi&momi^int^^ 

u ^ffi (2 5*0 iri^iauss (8 5t:. 8 5%) Kisn^mmy^y^ m 
Ml 0mA) =^ffofc„ 0i3s.OTi4(t. mmRxm^muomm. 

^^^i^mfm.m\t, mio=-Jii'iri^mm^BK]t-<x, y^y^poL 

m2 5mmxh^(Di::MU :^imm(D:r.:^^'^m^SM^F(D^yhy-fy^t 

m4oj^mxtboito 

yysit. bTmfettll3fef-i^;iSprm3fcT-fe5 4 7 5 nm© I n^. ^ 

tit. y^y^-'V^hm&mi 3 tmm(ot(D^m\^^fzc 
ttc. ^tftwiiM-mmi 3 tmm<D-ii<ot:^\,^it, 
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•etT> JiIB#BIfI::»LT. tm^miW'kl 5wt%. fprnmi^lOu 

mT-fcs s i o 2 4 0 w t %m-^^^tiitmm:^:^^i^mM^ Ote^ 

1 .5 0 0 OmP a • s ) Sr. it3fctt«J!g UTfm Lfc. 

SIT. m^m 13 1 mmz. tr. kst s o o mim tfc„ 

mm 

mm A u ii^o^m^mo i o<DMmin^M lx i ooi au^^^ 

Lfc-r:^ ^ ^m-^Xjm Lfc^^tt. ««3J l 7 i: mm\c Lxm^V-< 

mLxmmmT-r?>o , 

^3fc4fe® i LT. mMm 15 1 mmo t © v ^, ^©^^ig>® ^ 1 5 w t % 
mm F f::-^^ $ ^^m-it^m 17 1 mm\^ Lx^tft^^f ^- k^#m tf^e 

m^#!isf(^:7 7 yi^y^ Lximimi^. m^Tmrn^.^ 1 4 o o i e 

0 0 •CT 6 ~ 8 ^mmL 3E(wil7cl^ffi^^i(-x 1 4 0 0'C~ 1 6 0 0 ICT' 6 

^tr. mM7t^mm.^\zxffom-'m^xmt. mTtmn^^xn^n-m 
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*^M2 0C9;^^-e{4t-f, Y2O3, GaOj, A 1 jOg, Ml-CeO^^ 

=^t7J^^77y^:^tLxmau ^-/i^^/i^m-^mi^x2f^mWi^'ti)o 

D m-'ft^. ^3S7D#S^'=f' 1400 'C~ 1600 "CTe-S i^m^ 

HicSTc^B^tf JcT 1 4 0 o'C-i 6 0 o'C-ee-'S^PB^j^u #e> 
#bnfcMfeK}^WfeMJ«©m*^R^Iti-5i:^ (j i s 

Z8IIO) ^::*5V^-C^ (x, y) = (0. 4 5 7, 0. 5 2 7) «^|gU 

MMm 21 immm 2 0 ^c*5v^T 77S'iJ';^s:7 5'fb/^p!>i>.+xh!>^i:b 

*^ffi«il2 1 ^^:;^^T♦|t^■f^ Y2O3, GaOg, A 1 2O3, RXf^CeO^^ 

^Jcf::, 2j?-/uSr]5t t) ^v^fc^, e3S5c#ffl^tf l 4 0 or- 1 6 0 O'er* 6 ~ 8 
^^j^^ t. JE{-3i5c#H^4''{-T 1 4 0 0 "C^ 1 6 0 0 'CT 6 ~ 8 B#^:^ U 
#ttl.fc«D"n^^»t 2 0 Op< 5/i/;r0^icatT^3fcM%?^gfei-5„ r 5 

\^xnhfifz.'^%mmz.^m^<ommfkmm'^ts MMf^^M^ (j 

I SZ 8 1 1 0) {CiSV^T. (x. y) = (0. 4 5 4.. 0. 5 3 l) (0%-^^ 
1-5. ■ 
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J^RWs ^mi: 7 7 y ^ 7. h LT^ U /V5S^«e(::T 2 ^Rlii'^-r 5. 

MTK^in^xa-^ U ^i85G#li^4' 14 0 0*C~ 16 0 0 "CX 6 ~ 8 ^F^lj^ 

u mz.m.7mmn,^\z.xiA o o'c~i e o o*CT-6~8^^Mi-5c %b 

#e5ixfc^3fefeKt^»fe«©Mije3fc^W1--5i:. (J I S 

Z 8 110) {C^oV^Tv (x. y) = (0. 4 5 5, 0. 5 3 0) CD3fcSr5l1-5, 
2 2 (OimKi. !3 M^tL:tm3tWf±. SI 1 t^|§^i5^ 

mm 2 3 2 1 jSV ^Ti^^^jz::^^:^ 3 7. 5 w t %m»n) 

*^^J2 3©::^&T-tt^-f. Y2O3, GaOs. A 1 2O3, SU^CeO^^ 

;trf*foK^iP;tTii^U P315c#Bi^tf' 1 4 0 CC-i 6 0 orT-e-s^ls 

•3Etwai5c#ffl^tfi{CTl 4 0 0*0^1 6 0 0'C-X?6~8^TO^-f-5„ 
ISZ8 110) \Z.^\^X. (x, y) = (0. 4 5 8, 0. 5 2 8) 0%ik^ 

^ii^SJ 2 4 (»M 2 1 (Ci3V^T«l$^C^^fis^ 6 2 w t %^B) 
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:^m^m2 3<D:)^^X'ltt-r. YjOa. GaOa, AljOj, RX^CeO^^ 

u M{C3i5c#fflm^{::T 1400 'c~ 160 o'c-e6~8 ^Fb^^-tSo #ej 

Zlfc:Si^n1i«#L2.0 0^5/v-zrOif}CjiLT^3fe«^«1-5o r^ux 
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